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Abstract 
Some studies have pointed out that music and human voice in high frequency ranges play an important role in 
activation of brain functions. However, the effect of the high frequency ranges to human brain has not been revealed 
yet completely. In this study, the authors conducted an experiment to examine whether English speech with enlarged 
amplitude in a certain frequency range can contribute to better comprehension of English sentences. In this study, a 
near-infrared spectroscopy (NIRS) system was used to measure relative hemoglobin (Hb) concentration changes in 
the brain while subjects were listening to English sentences with enhanced amplitude in a certain frequency range. 
After listening, the subjects responded to a questionnaire with five point scales about the comprehensibility of the 
English sentences. The NIRS measurement observed the highest brain activation near language processing areas and 
a portion of the left side of the prefrontal cortex when the subjects were listening to English speech with amplified 
amplitude in high frequency ranges. This tendency was more obvious for the subjects who had lower English 
proficiencies. However, questionnaire results showed that English speech with enhanced amplitude in the frequency 
ranges may not help English learners better comprehend English speech. These results suggest that English speech 
with enhanced amplitude in the high frequency ranges are more effective for the learners who have lower English 
proficiency and different factors can affect easier listening to speech in other languages.  
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1. Introduction 
  According to some studies, music and human voice of high frequency band can increase human ability to 
concentrate and neurophysiological activities, and also make people feel relax1,2,3. This phenomenon is known as 
Tomatis methods and Mozart Effect4.5. Although these studies mention that sound in high frequency ranges can 
affect brain functions, not enough research has been done to examine the effect of high frequency sounds in speech. 
In addition, some studies have revealed that each language has a certain fundamental frequency range as shown in 
Figure 1. For example, Japanese language mainly uses a frequency range from 125 [Hz] to 1500 [Hz] and British 
English mainly uses a range from 2000 [Hz] to 12000 [Hz]. These differences in frequency ranges cause Japanese to 
have difficulty in listening and comprehending English speech6. Nakamura (2008) found that English sentences 
extracted from a frequency range from 125 [Hz] to 1500 [Hz] were easier to listen and more comfortable for 
Japanese than ones extracted from a frequency range from 2000 [Hz] to 12,000 [Hz]. In other words, manipulating 
frequency ranges of a language may be able to affect brain functions and to induce better understanding of sentences 
in the language. In this study, the authors created English speeches with enhanced amplitude in certain frequency 
ranges to examine whether English speech with enhanced amplitude can improve brain functions and affect better 
understanding of English by using a near- infrared spectroscopy system (NIRS). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. fundamental frequency ranges for some languages 
 
2. Experiment 
 
  In order to examine the effect of English speech with enhanced amplitude in frequency ranges on the activation of 
the brain and better understanding of English sentences, we created two types of English speech sound from the 
speech of a declarative sentence: enlarged the amplitude of English speech sound in both low and high frequency 
ranges. In addition, the original English speech was also used in the experiment for the purpose of comparison. 
Twenty right-handed Japanese university students (19 males, 1 female) in their twenties (between 19-25 years of 
age) participated in the experiment. The changes of Hb concentration in their brain were observed by NIRS while 
they were listening to three types of English speech: the original one, speech with enlarged amplitude in a lower and 
high frequency ranges. After listening to these English sentences, the subjects responded to a questionnaire to 
evaluate each English sentence with five-point scales in terms of the comprehensibility of the sentences and the 
easiness of identifying vowels and consonant sounds in the sentences. For example, they evaluated the 
comprehensibility of each sentence with the scale from 1= “could not understand the meaning of sentences at all” to 
5= “could understand the meaning of sentences very well.” 
 
3. Methods of enhancing amplitude 
 
  We utilized software called Audacity, which is a free multi-track audio editor-recorder, to create English speech 
with enhanced amplitude. We used 10 English speech sentences from learning materials for English learners at 
intermediate levels and changed amplitude of the English sentences by using the software. The amplitude of the 
original sentences were enlarged in a low frequency range from 1,000 [Hz] to 3,000 [Hz], and in a high frequency 
range from 7,000 [Hz] to 10,000 [Hz]. Because language vowels mainly consist of sounds in the lower frequency 
ranges and native speakers of Japanese preferably use sounds in this lower frequency ranges. Therefore, the authors 
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assume that amplitude enhancement in this frequency ranges can induce a better understanding of English for 
Japanese learners of English. Also, most English consonants consist of sounds in the higher frequency ranges and 
human voice usually does not contain sounds in a frequency range over 10,000 [Hz]. Thus, we decided not to take 
the frequency rages below 1,000[Hz] or over 10,000[Hz] into account. Figure 2 shows the amplitude of one of the 
original English speech. In Figure 2, zero dB refers to the maximum volume for sound pressure. In other words, if 
sound pressure exceeds the maximum value, sound clipping is caused.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Sound pressure of an original English speech 
 
First, the sound pressure of the original English speech was reduced to a range between negative 12dB and 3dB. 
After that, the amplitude of the English speech were enhanced to both 18dB in a certain frequency range, so that the 
subjects could tell one speech apart from another clearly by using only their auditory sense. Figures 3 and 4 show 
the amplitude of the speech sound enlarged by Equalizer function of Audacity in the lower and higher frequency 
ranges for the experiment. The red lines in both figures are the enhanced amplitude of the speech that were different 
from those of the original one. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Sound pressure of the English speech with 
enhanced amplitude of the low frequency 
ranges 
Fig. 4. Sound pressure of the English speech with 
enhanced amplitude of the high frequency 
ranges 
 
4. Brain function measuring system 
 
4.1 Near-infrared spectroscopy system (NIRS) 
 
  A NIRS system manufactured by Hitachi Medical Corporation (ETG-4000, 52channels) was used in the 
experiment to observe and record hemoglobin concentration changes in the brain of each subject as shown in Figure 
5. This NIRS system records the amount of Hb concentration in the brain right after the beginning of a measurement 
as a reference value. The system measures relative changes in oxy-Hb, deoxy-Hb and total-Hb every 0.1 seconds in 
real time. The NIRS has a variety of displays such as bar graphs, two-dimensional and three-dimensional 
topographies. In this study, two-dimensional topography was utilized to see which parts of the brain were activated. 
Figure 6 shows an example of measurement data display in two-dimensional topography using color intensities. 
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From the top, the display shows the amount of changes in oxy-Hb, deoxy-Hb and total-Hb. Red regions indicate 
larger Hb concentration changes. On the other hand, blue regions indicate lower Hb concentration changes.      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Fig. 5. ETG-4000 Fig. 6. Measurement monitor 
 
4.2 Measurement area 
 
  In order to measure and record Hb concentration changes in language areas and the frontal lobe in subject’s brain, a 
headgear was arranged to cover part of the brain from the frontal lobe to the left hemisphere of the brain including 
Broca’s Area and Wernickes’s Area. To assess the activation of the brain functions associated with these areas, the 
blood hemoglobin concentrations of each subject were observed from the beginning of the listening to the end of the 
English speech, and relative changes in oxy-Hb, deoxy-Hb and total-Hb concentrations from 52 channel (CH) points 
were simultaneously measured and recorded for each subject. Figure 5 shows a photo of a male subject wearing 
NIRS proves while listening to English speech and Figure 6 illustrates the arrangement of NIRS probes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Photo of one of the subjects listening to the 
English speeches with optical topography proves 
applied to his head 
 
Fig. 6. Arrangement of NIRS probes for the experiment 
 
4.3 Language area in human brain 
 
  Sakai (2009) proposes that language processing areas in human brain consist of the left side of the frontal cortex 
associated with grammar processing and understanding of sentences, and the area from the temporal lobe to the 
parietal lobe associated with word processing and understanding of phoneme7.8. These areas roughly correspond to 
Brodmann Areas (BA) 44, 45 (Wernicke's area) and 22 (Broca’s area). The activation of Broca’s area is associated 
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with speaking, grammar processing and understanding of sentences, while Wernicke's area is activated during 
listening to language, phoneme processing and understanding words. In this study, channels 27,28,37,38 and 48 
corresponded to Broca’s area, and channels 41,42,50,51 and 52 covered Wernicke’s area9.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Regions in the brain corresponding to both Broca’s (left) and Wernicke’s (right) areas 
 
5. Experimental procedures 
 
Twenty subjects who were Japanese university students participated in the experiment. Firstly, they responded to a 
questionnaire for their age, sex, handedness and scores of an English test called Test of English for International 
Communication (TOEIC) that they took before the experiment. The subjects were given instructions for listening to 
three types of English sentences. They were not told which English sentence was the one with enhanced amplitude 
in high or low frequency ranges or the original speech. Every subject listened to a set of three English sentences 
once. Each set consisted of three types of speech: speech with enlarged amplitude in the high and low frequency 
ranges and the original English speech. The length of each set with the original, low-frequency enhanced and high-
frequency enhanced sentences was about 20 seconds, and each English speech set was grouped as A, B or C group. 
Before listening to each set, the announcement of a group name and an interval of 10 seconds were inserted between 
the groups. The entire length of a speech test was 1 minute and 30 seconds. Each subject listened to three sets in a 
random order. After listening to the three sets, they responded to a questioner to evaluate each sound set in five-point 
scales. They were asked how easy it was for them to recognize English sounds (vowels, consonants and each word) 
and to comprehend sentences in the speech, by using a five-point grade from 1 (the hardest) to 5 (the easiest).    
 
Table1. Distribution of TOEIC score of the subjects 
TOEIC score ~300 300~400 400~500 500~ 
Number of subjects 1 9 9 1 
 
6. Result 
 
   NIRS measurement was conducted to obtain Hb concentration changes in subject’s brain every 0.1 second for 
each subject. The data was divided into three data sets for the original speech, speech with enhanced amplitude in 
the high and low frequency ranges. For each set, the average value of oxy-Hb concentration changes was calculated 
for an analysis. As a result of the analysis, we observed that oxy-Hb concentration increased in some areas and 
regions around the frontal lobe and left side of brain in language area (Broca’s and Wernicke’s area) more than other 
areas and regions in the brain for all English sentences. In particular, the highest Hb change was observed for the 
English speech with enlarged amplitude in the high frequency ranges among the three types of English speech. 
Table 2 shows the average value of oxy-Hb concentration changes obtained from NISR signals for each English 
speech at some of the channels corresponding to Broca’s and Wernicke’s areas. While the subjects listened to the 
English speech with enlarged amplitude in the high frequency ranges, we observed the highest average values in 
almost all NIRS channels. Also, two average values of the original English speech and the one with enlarged 
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amplitude in the high frequency ranges were relatively higher than the one with the low frequency ranges. The 
author performed paired t-tests (α=0.05) on NIRS signals between the original speech and the speech with enlarged 
amplitude in the high frequency ranges. In the test result, a significant difference was found between them as shown 
in Table 3.  
Table2. Average value of oxy-Hb changes in Broca’s and Wernicke’s area 
 
Table3. Result of the T-test for Hb concentration changes between the original English speech and the one with 
enhanced amplitude of the high frequency ranges 
Broca’s area CH27 CH28 CH37 CH38 CH48 
P(T<=t) 0.000020 0.000010 0.000002 0.000001 0.000002 
Wernikes’s area CH41 CH42 CH50 CH51 CH52 
P(T<=t) 0.111 0.220 0.049 0.010 0.085 
 
  Figure 7 and 8 also show relative oxy-Hb changes in the brain of a subject (Subject A, male) on the two 
dimensional display. Figure 7 is an image obtained for the subject while he was listening to English speech with 
enlarged amplitude in the high frequency ranges. Figure 8 is an example of topography images resulting for the 
original English sentences. In both figures, the more red a region is, the higher brain activation is assumed in the 
region. Conversely, a blue region indicates that activation in the brain functions is relatively stable in the region. The 
images and values in Table 2 suggest that English sentences with enlarged amplitude in the high frequency ranges 
increased Hb concentrations more in some areas around the language processing areas and the right side of the 
frontal lobe, compared to the original English sentences. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Hb concentration changes during listening to 
English speech enhanced amplitude of the high 
frequency ranges 
Fig. 8. Hb concentration changes during listening to 
original English speech 
 
 
English 
speeches 
Broca’s area Wernikes’s area 
CH27 CH28 CH37 CH38 CH48 CH41 CH42 CH50 CH51 CH52 
Original -0.017 0.045 0.095 0.044 0.038 0.014 -0.084 0.165 0.013 0.009 
Enhanced the low 
frequency ranges 
-0.051 -0.007 0.112 -0.017 0.044 -0.039 -0.078 0.072 -0.055 -0.022 
Enhanced the high 
frequency ranges 
-0.080 0.089 0.119 0.113 0.080 0.026 -0.043 0.139 0.039 0.018 
BA22   BA44,45        frontal lobe 
Higher level of HB changes in regions 
Lower level of Hb changes in the 
regions than left figure  
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  In order to examine whether English proficiency level affects Hb changes in subject’s brain, the authors divided the 
subjects into two groups: one for those who had TOEIC scores lower than 400 and the other for those whose TOEIC 
scores were more than 400. The analysis of NIRS data also revealed that the brain functions of the subjects in the 
former group were more activated than the subjects in the latter group in most parts of the brain while they were 
listening to all three types of English speech. This difference was observed more significantly in the language areas 
of the brain while the subjects with lower English proficiency were listening to English speech with enhanced 
amplitude in the high frequency ranges. Table 4 shows the average NIRS signal values of concentration changes in 
oxy-Hb in the two language areas of the brain for the two groups while the subjects were listening to the sentences 
with enlarged amplitude in the high frequency ranges. Higher average values in almost all NIRS channels, which are 
highlighted in red in Table 4, were obtained. Also, the authors performed paired t-tests (α=0.05) on NIRS signals 
between oxy-Hb concentration changes between the two groups for English speech with enhanced amplitude in the 
high frequency ranges. The test results showed a significant difference between them for both language areas.  
  
Table 4 Average values of oxy-Hb changes from channels for BA44, 45 and 22 between two groups. 
 
Table 5. Result of T-tests between 2 groups during listening to English speech with amplified amplitude of the 
high frequency ranges 
Broca’s area CH27 CH28 CH37 CH38 CH48 
P(T<=t) 0.020 0.020 0.878 ͲǤͲͺͲ ൈ ͳͲି଼ଶ ͲǤͲ͸Ͳ ൈ ͳͲିଵଷଵ 
Wernikes’s area CH41 CH42 CH50 CH51 CH52 
P(T<=t) 0.338 0.040 ͲǤͲͶͲ ൈ ͳͲିଵଷଵ ͲǤͲʹͲ ൈ ͳͲିଶଷ ͲǤͲͳͲ ൈ ͳͲିଵ଴ଵ 
 
  Table 2 and 4 show that English sentences with enlarged amplitude in the high frequency ranges induced the 
activation of brain functions most among three types of English speech. Moreover, Table 3 and 5 indicate that there 
was a significant difference between oxy-Hb changes of the original English speech, the one with enhanced 
amplitude in the high frequency ranges in both Broca’s and Wernicke’s areas. However, the result from the 
questionnaire indicates that the English sentences and consonants with enlarged amplitude in the high frequency 
were not the easiest for the subjects to understand. In addition, the one with enlarged amplitude in the low frequency 
did not help the subjects comprehend vowels easily. The average values of the responses to the questionnaire show 
that the subjects evaluated all the English sentences as having almost the same difficulty. Those questionnaire results 
are summarized in Table 6. 
 
Table 6. Parentages and average values of questionnaire results (N=20) 
 
English speeches 
original 
With enlarged amplitude 
High frequencies Low frequencies 
Subjects answered:  
Easiest recognize vowels 
15% 20% 5% 
Subjects answered:  
Easiest recognize consonants 
25% 15% 5% 
How easy to comprehend 
speech (Average score) 
3.5 3.65 3.45 
Type of subjects  Broca’s area Wernikes’s area 
CH27 CH28 CH37 CH38 CH48 CH41 CH42 CH50 CH51 CH52 
Lower TOEIC score -0.029 0.102 0.118 0.197 0.256 0.031 0.005 0.318 0.098 0.070 
Higher TOEIC score -0.003 0.073 0.121 0.010 -0.138 0.002 -0.157 -0.080 -0.033 -0.047 
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7. Conclusion 
 
   In this study, we investigated whether English speech with amplified amplitude in a certain frequency range can 
affect the activation of brain functions and induce better listening comprehension by observing Hb concentration 
changes in the brain with NIRS and analyzing differences in Hb changes for subject groups with high and low 
English proficiencies. The experimental results revealed that English speech with enhanced amplitude in the high 
frequency ranges raised the amount of Hb concentration around the language processing area in the brain, which 
correspond to both Broca’s and Wernicke’s areas. In particular, a part of the frontal cortex in the brain of subjects 
with lower TOEIC scores was activated more. This is probably due to the activation level of the language areas 
which was reported to be inverse-proportional to subject’s language proficiency7.8.9.10. Therefore, we assume that it 
was difficult for the subjects with lower English scores to comprehend the meaning of the English sentences and 
their language processing areas tried to work more. As a result, brain functions in these areas were activated more 
for the subjects with lower English test scores than ones with higher scores. In other words, the results suggest that 
the higher the English level is, the lower the areas are activated. Therefore, we assume that the significant difference 
in oxy-Hb changes between the subjects with lower English proficiency and ones with higher proficiency were 
observed in this study. This result suggest that speech with enlarged amplitude can be more beneficial for English 
learners at the initial phase of their learning. 
In the next study, we need to modify the English speech to identify which frequency ranges is the best for brain 
activations in terms of language learning. Also, we plan to revise the questionnaire questions and conduct listening 
tests by using the manipulated English speech of find out if English speech with enlarged amplitude can be good 
learning materials for language learners. In addition, we are going to obtain more data to examine this hypothesis 
and identify the most optimal conditions for language learning.  
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